Proceedings of the 1999 Particle Accelerator Conference, New Y ork, 1999

FIRST EXPERIENCE WITH CONTROL AND OPERATIONAL MODELS
FOR VACUUM EQUIPMENT IN THE AD DECELERATOR

P. M. Strubin N. N. Trofimov, CERN, 1211 Geneva 23, Switzerland

Abstract For each family, the model describes the functionality of the
menFlevice in the vacuum system and the services which shall be
providedfor the users (vacuum technicians accelerator
operators) inorder tomonitor and control the operation of
the device. This includes, in particular, the description of
various physical variables in thdevice which can be
observed and modified by the users, the states thatethee

can take during operatioand the commandsthat it can
accept tomodify its state. In principle, formal modeling

infrastructure. This hamtroducedsome restrictions with techmques (state dlagram S, USE cases "’?ﬂ"‘-)be “Se.d for
definition of the operational model, but in ocase it is

respect to a full implementation of the models, imaide the . . o
basically a narrative description.

server available for all vacuum equipment already installed jn . . .
the variousacceleratorsvhich are connected tahis control Although the operational modebesnot directly imply any

particularimplementation, its aim is tgrovide a control
system. system designerwith a set of guidelines forsoftware
In order to test the server, a simplifiednan-machine Y 9 9 _—_ )
. o development, as well as a thorough definition of the internal
interface has beencreated. This interface presents the svstem interfaces - most notably the definition of the
available acquisition and control values in a very Y y

nomogeneous way to the operator, makingatientage of 170\ % °0 SR ECMAINTER 0 L £8 Al
the chosen model approach evident. It also makdgional ’ P

. . ! . . . lication programmer’s view of the vacuum equipment.
diagnostic information, previously unavailable, accessible 2 controlrr)nogel defines in dormal way the ?ch dures
the vacuum operators. y P

and data requirefbr the application programs to implement
1 INTRODUCTION the equipment contro'l faciliftiedescribed bythe operational
model. We applyobject-oriented approach tdefine the
Our Group is operating the vacuum systems of albntrol model: the vacuum equipmentadisyanized indevice
accelerators iNCERN since 1990. During thiperiod, a classes;eachclassdefines acontrol interfacefor a certain
significanteffort wasmade to reduc¢he diversity in both category of the vacuum devices. Deviceshaf samelass
hardware andoftware. For instance, the vacuwperators have the same set of properties; a property typ|Ca||y
are offered aunified Man Machinelnterface for the PS corresponds to a physical variable in the operational model.
Complexandthe SPSandLEP accelerators. NeVQI’the'eSS,Severa| classes of properties have bdefmed to represent
despite the uniform operator interface, thstié existsthree different kinds of the physical variables:analogue
differentversions of the MMIbecause othe varyingways measurementsgiscrete commandhannels, boolearerror
to accesshe equipment. For the same reason, alarm gf@icators, etc. Each property has a value adegending on
data logging programs are different for each environment. its class, a number of other characteristics, suamis of

The objective of the workresented heraas to try out a measurement, time stamp, minimuandmaximum values,
systematic approach using operational and control modelsi@§olution, etc.

the vacuum equipment.

Control and Operational models for Vacuum Equip
have beenstudied atCERN for several yeardl]. A
prototype implementation watsied out on ion gauges in
LEP followed by a full-scale implementation for ahcuum
equipment to be controlled in the newly built AD ring.

In order to meet the tight timeschedule,the existing
hardware andoftware infrastructure ahe PS complex has
been used. The model serwens built on top ofthis

Status OK
2 MODELS Timestamp Tue Mar 23 10:41:45 1999
The operational model may lbensidered as kind of user Min le-12
requirement document, which specifies generic control Max 1e-6
procedures and relatédontrol knobsand meters" forrather Units mbar
broad "families" of vacuum devices (e.g. ion pumps), Resolution 1e-13
erlthqutllmgntlfnlng hgw the controls are, or shall be, Format > 1e
physically implemented. Access Read-Only

Table 1: Characteristics of property “pressure”
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information is merely imported from the existing PS

As an example, table 1 shows ttiaracteristics of property
controls database.

“pressure”. The values shownare applicable to an
ionisation gauge. The values for the *“MinfMax” and 3 1 Problems and constraints
“Resolution” characteristics would be differefior a cold

cathode gauge, but the same characteristics would exist. Decision to use the existing controisfrastructurewith
minimum modifications hasallowed us to speed up the

3 IMPLEMENTATION developmentnd to connect all vacuum equipmeatready
installed in the various accelerators of the PS complex to the
model server. But, at the same time, ihtroducedsome
F]%strictions withrespect to afull implementation of the
models.

Some features could not be implemented dusatdware and
softwarelimitations in the low levelequipmentcontrols.
F3r example, only a limited subset of propertiefined in

— the lonisation-Gauge class is availabbecause of the
Applications limitation on the number of parameters that capassed in

the internal software protocol frame [3].

[ Since equipmenaccessia the Equipment Modules has to
be preservedor existing applicationscommands can be
Model Server + Configuration issued to the equipment bypassing tiedel server. It is
Database not always possible tracesuchcommands inthe server.

As a result one can see, for example, an open valve with last
registered command'close”, but all other properties
indicating normal operation.

In order tomeet the tight timeschedule othe AD project,
the existinghardware andoftware infrastructure othe PS
complex has been used. The implementation follows t
threetier architectureshown in Figure 1wherethe model

server acts as anintermediary betweerthe standard PS
equipment access software and the model based applicati

PS Equipment Modules

VPUMP | [ VGAUG | | VWALV The modelserver doesot read values from thevacuum
equipment directly; rather, it igsing cached datdrom the
i Equipment Moduledata tables. Information in thelata

tables is updated approximately every 30 to 40 secotids -
cannot bedonefasterdue toperformancdimitations in the
low level equipment networkand leads to a further
limitation of the model server. In general, tiygdate rate is
Figure 1: Implementation of the control models in the P$yfficient for relatively slow —changingmeasurement
Control environment variables, but sometimes it is not fast enough to monitor
status values. For example, when a sublimation pgogs

Equipmentaccess inthe PS control system isrganised for 30 seconds tothe "sublimating” state, thisvery
through Equipment Modulegach Equipment Module is a important event, from the operational point of viexan be
collection of procedures and datllowing to drive certain Missed between two consecutive updates.
type of equipment. The modsérvertransforms the system However, —despite the problems imposed by the
specific view of the vacuum equipmepovided bythe PS implementation  constraints, equipment representation
vacuum Equipment Modules (VPUMP, VGAUGVALV provided bythe model serveressentially conforms to the
[2]) into the model defined representation. In some cases?Perational models for all main categories of thevauum
the model properties directly correspond tiee Equipment €guipment (pumps, gauges, valves).
Module data, but more oftendedicatedprocedure isrequired
in the server to obtain "raw" equipment data and present it in 3 USER INTERFACE
the form defined by the model. The graphical usenterfaceprogramdevelopedfor the AD
The server software is in a large part data driven. At start wgicuum control basically performs direct visualisation of the
the server reads aformalized control model description model data. ltalso providesvirtual knobs which allow the
(devices deviceclasses, propertiesharacteristicsjrom the users tochangethe value ofdevice propertiesand to send
configuration database. The databasealso describes the commands to the equipment. There are many possiys
equipment interface topology: where and how each individusfi graphical representation of the control model -
device which is connected tothe control system. This standardization athis level was not our goal at first
instance. Rather, weried to follow the same "non

PS Vacuum Equipment
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revolutionary" approach as in implementationgeneral and allows for quicker diagnostics thardevice specific "error
be as close as possible to the conventams$customary bits" commonly used in present systems.

style of equipment control adopted in the PS complex [4]. A final advantagdrom the user’s point of view is that all
Following these rules, weepresenthe vacuumequipment properties for alldevices can be documented indatabase
in a spreadsheet style tabular format. Devicegiameped in with adequateaccesstools. It makes itthereforeeasy to
"working sets" whichare represented aables: a row per implement on line help features, for instancegtdde the
device and acolumn for a device variable (property). operators in diagnostic and repair activities.

Property values are displayed in the table cells; clicking on a

cell displays detailed information on a property (all its 5 CONCLUSIONS

characteristics) or activates @ntrol tool that allows to
change the value of the property.

The main working set view isomplemented byhe detailed
status display which shows thmurrent state of all error
indicators associatedwith the working set and a
chronologically orderedlist of all errors encountered since
the program start-up.

The usetlinterfaceapplication isbased on aelatively small
set of thesoftware components (C++, Motif) which are

combined and configured atrun time using descriptive 4 conceptual skeleton for the system design from the

information ondevices andheir interfaces available on the equipment interface hardware up to the user interface level.

model server. Given a device name, one can obtain a listyf operational model magerve as a core requirement
all properties supported for the device and for each property g ment for selection, customizatiandintegration of the
full description of its characteristics. This run tinmerface ,qustrial components, as well as for in-house

discovery featurallows the application to easily adjust todevelopments. Internal system protocalsd interfaces

changes in the equipment interfac&or example, when a gnq 14 betailored tothe needs ofmplementing the control
new device class is added tothe model, it automatically ,o4elin a complete, consistent and efficient way.

becomes supported by the useterface application - as
soon as the class description is entered into the configuration 6 ACKNOWLEDGMENTS
database.

We could successfully implement anodel server for the
vacuum equipment of the new Adiecelerator ontop of the
existing controldnfrastructure ofthe PS complex. It has
been running for the commissionning of tiecelerator and
showed anumber of useful features, both for thperators
and for the application programmer.

However, the full power ofhe proposed approach camly

be obtained in a new project or in a major reconstruction of
an existing system. In this case, the models sheeree as
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to the existing control systerarchitecturethe advantages
for the vacuum operators are numerous. 7 REFERENCES
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associated characterissetting the severity (warning, fault,

etc.). Another useful characteristic of these indicators is the

availability of an associated plain text message which allows

to clearly display the meaning of the error, lik&quipment

error: offset too large". The systematic use of hidéeel

indicators for such problems as communicatierrors,



